The concept of the ovarian continuum can be understood as a process that occurs during a woman's lifetime and begins during intrauterine life with fertilization. Women start their reproductive years with approximately five hundred thousand follicles containing oocytes, of which only around five hundred will be released during ovulation. Ovulation has been recognized as an event linked with reproduction; however, recent evidence supports the role of ovulation as a sign of health. The use of biomarkers that help women recognize ovulation enables them to identify their health status. This knowledge helps medical healthcare providers in the prevention, diagnosis, and treatment of different pathologies related with endocrine disorders, gynecological abnormalities, autoimmune, genetic, and neoplastic diseases, as well as pregnancy-related issues. The knowledge of the ovarian continuum and the use of biomarkers to recognize ovulation should be considered a powerful tool for women and medical professionals.
INTRODUCTION
The concept of the ovarian continuum can be understood as a process that occurs during a woman's lifetime and starts during intrauterine life (Brown 2011) . This continuum begins with fertilization. Two months later the primordial germ cells leave the embryo to avoid differentiation and migrate to the yolk sac, where they remain for four weeks. After this time, they are found in the gonadal ridge where they are surrounded by somatic cells. In this way, ovarian primordial follicles start to organize (Motta, Makabe, and Nottola 1997) , and around seven million primordial follicles are formed in the ovaries, but only one to two million remain at birth (Block 1952) . The rest of the primordial follicles degenerate via an apoptotic process called follicular atresia. Later on during her reproductive life, a woman will ovulate around five hundred oocytes (Lunenfeld and Insler 1993) .
Often, healthcare providers have focused on regularizing bleeding patterns, without paying attention to ovulation in reproductive age women. The fact that women have biomarkers that enable them to recognize ovulation and hence which stage of the ovarian continuum they are in, allows them to evaluate their own health. Accordingly, normal ovulatory activity during reproductive years can be considered a sign of health, because it implies adequate endocrine and gonadal function. Women in conditions such as breastfeeding or pregnancy will also be able to identify their anovulatory state as part of the continuum. Periods of transition from anovulation to regular ovulation, such as those found during puberty and perimenopause, can also be identified as a physiological part of the continuum by women using their biomarkers.
The first sign of an underlying health problem a woman may experience is usually an abnormality in ovulation followed by irregular cycles or amenorrhea. Indeed, when pregnancy, lactation, or menopause are not the causes, persistent irregularities in the ovulatory cycle can be associated with lifestyle, stress, and endocrine, gynecological, autoimmune, nutritional, genetic, and iatrogenic disorders (Vigil et al. 2006) (fig. 1) . Importantly, while regular menstrual cycles are generally considered a sufficient indicator of ovulation, they can also be anovulatory (Malcolm and Cumming 2003) . Therefore, it is not the presence of regular menstruation but the presence of regular ovulation, which helps in monitoring women's health.
CARE OF WOMEN IN VARIOUS STAGES OF LIFE
During childhood, follicles are continuously developing until the antral stage, at which they become gonadotrophin dependent. Due to the low gonadotrophin levels present during this period of life many follicles undergo atresia (Skinner 2005) . Considering the ovarian continuum, a healthy child is in an anovulatory state, although having a considerable pool of follicles in the ovaries (Peters, Byskov, and Grinsted 1978) . Interestingly, during puberty, when gonadotrophin levels start to rise, primordial follicles that have developed to the antral stage will continue their development until one of them reaches the pre-ovulatory stage and ovulation occurs. Adrenarche, which generally occurs between the ages of 8 and 10, triggers pubertal development and its accompanying hormonal changes, which culminate with the first ovulation that usually leads to menarche, the first menses. Menarche occurs on average between ages 12 and 13. In general, menses is considered to be the visible sign of the onset of ovarian cyclicity. Menarche indicates that the first ovulation has probably occurred or is about to occur, in an event that marks the beginning of the gonadotrophin-dependent period of ovarian cyclical activity characteristic of reproductive years. During the first two years after menarche, occasional anovulatory cycles can occur. Once the reproductive system fully matures, typically women exhibit regular monthly ovulations characterized by 24-to 36-day cycles, 27 plus or minus 1 day being the most frequent length (Fraser et al. 2007) . At approximately four years prior to the final menstrual period, the functional capacity of the ovary diminishes, and women enter into the perimenopausal period characterized by changes such as hot flashes, sleep disturbances, mood symptoms, and vaginal dryness. An increase of FSH during the first days of the follicular phase can be observed, together with a decrease of inhibin B and an increase of activin A. The decline in oocyte number that occurs with age, together with the increase in activin (Lobo 2014) , causes an accelerated follicular depletion that leads to menopause. In this period, due to gonadotrophin stimulation, increased estrogen levels are produced by the ovaries, which cause endometrial growth that can be associated with heavy bleeding and irregular cycles (Harlow et al. 2012) .
ENDOCRINE REGULATION OF THE OVULATORY CYCLE
The ovulatory cycle is regulated by positive and negative feedback mechanisms. Steroid sex hormones produced by the ovary regulate the secretion pattern of kisspeptin, gonadotrophin-releasing hormone (GnRH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH), which in turn, modify the release of ovarian hormones (Hawkins and Matzuk 2008) .
At the beginning of each cycle, an increase in FSH levels causes follicular recruitment and development, with subsequent elevation of estradiol levels (Miro and Aspinall 2005) . Increasing estradiol levels secreted by maturing follicles produce endometrial proliferation, a change in the size of the cervical os, and an increase in the amount of cervical mucus with modifications in its rheological and physicochemical properties. After follicular recruitment, during the follicular phase of the cycle, estradiol together with inhibin exert a negative feedback mechanism upon the hypothalamic-hypophyseal-gonadal (HHG) axis that causes a decrease in FSH levels (Laven and Fauser 2004) . During this period, estradiol also inhibits kisspeptin expression in the arcuate nucleus of the hypothalamus. Later on, when a follicle becomes the dominant follicle, it produces increasingly high levels of estradiol, which result in a stimulation of kisspeptinergic neurons in the anteroventral periventricular nucleus of the hypothalamus, thus changing the negative feedback mechanism to a positive one. Kisspeptin induces GnRH secretion and the following pre-ovulatory LH peak, which initiates follicular luteinization that leads to the formation of the corpus luteum (Cortés et al. 2015) . After the initiation of the midcycle gonadotrophin surge, a pre-ovulatory rise in progesterone occurs. This early progesterone rise produced in the pre-ovulatory follicle is critical for ovulation and development of a functional corpus luteum. LH and progesterone trigger follicular-wall degradation by proteases, prostaglandins, and other compounds (Stouffer 2003) , resulting in release of the oocyte which normally survives 12 to 24 hours (Ferin, Van Vught, and Wardlaw 1984) . After ovulation, LH contributes to the development of the corpus luteum (Misao et al. 1998) , which continues to produce progesterone and estrogen during the luteal phase (Blackwell et al. 2003) . Progesterone modifies the endometrial lining from proliferative to secretory type and changes the cervical mucus from estrogenic to progestational. About 8 days later, in the absence of fertilization, the corpus luteum begins to regress and lasts for approximately 11 to 17 days (Blackwell et al. 2013) , with an average lifespan of 14 days. As a consequence, estrogen and progesterone concentrations return to the levels observed in the early follicular phase about two weeks after the initial formation of the corpus luteum (Miro and Aspinall 2005) . This eliminates the suppression exerted on the HHG axis and causes the beginning of a new cycle (table 1) .
CERVICAL MUCUS AS A BIOMARKER OF OVULATION
There are several biomarkers that can help a woman to identify ovulation (table 2) . The most used are changes in the cervical mucus, basal body temperature, and modifications of the cervical os. Increasing estrogen levels produced during follicular selection result in a noticeable rise in the secretion of estrogenic cervical mucus. In this phase, the mucus is aqueous, transparent, fluid, and crystalline, and tends to form characteristic geometric patterns (Menárguez, Pastor, and Odeblad 2003) . Estrogenic mucus is made up of 98-99 percent water (Vigil, Croxatto, and Cortés 2014) , and its ultrastructure shows a network with channels and pores that increase in size as ovulation nears (Chretien and Dubois 1991) .
Progesterone has the opposite effect of estradiol, inhibiting the production and changing the characteristics of the mucus to those of G mucus (e.g., lower water content, which decreases to 90%). G mucus is opaque and less fluid and loses its ability to crystallize into characteristic patterns (Vigil, Blackwell, and Cortés 2012) . The ultrastructure of G mucus shows a dense network with small diameter pores (Vigil et al. 2009 ). It has been demonstrated that recognizing mucus patterns can help women to identify the different stages of the ovarian continuum (Billings et al. 1972 ) and in this way be able to recognize changes in the ovulatory pattern and detect a number of gynecological disorders.
OVULATION MONITORING DEVICES AND APPS
Devices and apps are available to assist women in monitoring the menstrual cycle (Duane et al. 2016) . Several popular apps are based on the rhythm method and predict ovulation, the fertile window, and the next menstruation. However, this prediction is inaccurate as it does not consider the variability between different women and within the same woman. The apps that are more accurate-since they consider personal variability-are those based on biomarkers such as cervical mucus symptoms charting and basal body temperature.
In the near future, apps connected with point-of-care devices will be available. The most direct indicators of ovulation are estrogen, LH, and progesterone. The development of apps and/or point-of-care devices that consider these hormones will be helpful for medical providers and women around the world (Brown, Blackwell, and Cooke 2017) , as they are highly accurate and precise indicators of ovulation and the fertility window.
OVULATORY DYSFUNCTION AND UNDERLYING HEALTH DISORDERS
The most frequent causes of menstrual irregularities associated with ovulatory dysfunctions are hormonal abnormalities. These can be hypothalamic, pituitary, thyroid, adrenal, ovarian, and metabolic disorders. Hypothalamic disorders are characterized by a change in the normal pattern of secretion of GnRH, delaying the increase of FSH levels above threshold. Hypothalamic disorders can be caused by excessive exercise, nutritional imbalances, stress, or psychiatric disorders, such as anorexia (Unuane et al. 2011) . Nutritional deficits and/or low body fat result in low levels of leptin, a hormone that is secreted by adipocytes and promotes the secretion of kisspeptin. Low kisspeptin levels affect GnRH release and therefore ovulation (Clarke, Dhillo, and Jayasena 2015) . In addition, an increase in adipose tissue may result in an increase in leptin levels that generates leptin resistance (Sahu 2002) thus affecting kisspeptin release (Elias et al. 1999) . Hypothalamic disorders may also be the result of hypercortisolemia. Increased cortisol levels block both the secretion of GnRH and the action of gonadotrophins. Therefore, these disorders may result in hypoestrogenic cycles, anovulation, and amenorrhea (Saketos, Sharma, and Santoro 1993) .
Prolactinomas are the most common pituitary tumors and are generally associated with hyperprolactinemia. Stress (Johansson, Karonen, and Laakso 1983) and/or the use of antidepressant drugs (Mondal et al. 2013) may also cause an increase in prolactin production. High prolactin levels inhibit GnRH by negative modulation of kisspeptinergic neurons (Araujo-Lopes et al. 2014) and by activation of dopaminergic neurons in the hypothalamus (Koike et al. 1991) . High circulating prolactin levels also activate adrenal androgen secretion (Higuchi et al. 1984 ) and decrease androgen aromatization in the ovary (Krasnow, Hickey, and Richards 1990) , causing higher androgen and lower estrogen levels. Women with hyperprolactinemia present symptoms that include menstrual irregularities (sometimes amenorrhea), short luteal phases, decreased libido, dyspareunia, and galactorrhea (Barron 2004) . In our experience, these women frequently present with allergies, warts, and a higher tendency to suffer from infections (Vigil, del Río et al. 2007 ). Elevated prolactin levels are observed in several autoimmune diseases, such as systemic lupus erythematosus, rheumatoid arthritis, Hashimoto's thyroiditis, and multiple sclerosis. Also, prolactin impairs the negative selection of autoreactive B lymphocytes and enhances the proliferative response to antigens and mitogens, and the production of autoantibodies. Therefore, this hormone has an immuno-stimulatory effect, promoting autoimmunity (Orbach and Shoenfeld 2007) . In this way, ovulatory dysfunctions can be an early signal of more serious underlying health issues.
Thyroid hormones influence ovulation by acting upon folliculogenesis and steroidogenesis at the ovarian level, and by affecting sex hormone-binding globulin (SHBG) and GnRH secretion. Women with thyroid disorders can suffer from menstrual abnormalities, such as hypomenorrhea, hypermenorrhea, menorrhagia, polymenorrhea, intermenstrual bleeding, oligomenorrhea, or amenorrhea (Krassas et al. 1994 (Krassas et al. , 1999 . Menorrhagia is a common symptom of hypothyroidism due to reduced levels of SHBG, which increase free estradiol that promotes endometrial growth. Moreover, the higher levels of thyrotropin-releasing hormone (TRH), present in primary hypothyroidism, stimulate the secretion of prolactin and dopamine that inhibits GnRH, causing an ovulatory dysfunction. In contrast, SHBG levels rise in patients with hyperthyroidism, which decreases free estradiol levels. Ovarian and hypophyseal hormones may also be increased, resulting in ovulatory dysfunction (Poppe, Velkeniers and Glinoer 2007) .
Adrenal and/or ovarian disorders are frequently associated with ovulatory dysfunction. Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women (Amer 2009 ). These patients have hyperandrogenemia and may exhibit acne, hirsutism, alopecia, increased body weight, and mood changes. But the most common symptom perceived by these patients is the presence of irregular menstrual cycles and an atypical pattern of cervical mucus, associated with ovulatory dysfunction. Obesity, insulin resistance, and consequent hyperinsulinemia are highly prevalent co-morbidities of PCOS and can impair ovulation (Pauli et al. 2011) . Elevated insulin levels are present in about half of these patients and are correlated to body mass index (BMI), but not all PCOS patients are insulin resistant (Vigil, Contreras et al. 2007) . High insulin levels further increase androgen production by stimulating ovarian theca cells to produce more androgens which lead to premature follicular atresia and even anovulation (Diamanti-Kandarakis 2006) . Increased testosterone production inhibits the granulosa cell aromatase, thus decreasing estradiol production. High levels of testosterone and insulin will decrease SHBG, increasing the free estradiol fraction. This, together with an increase in peripheral production of estrogens by adipose tissue may inhibit the kisspeptinergic system decreasing GnRH and gonadotrophins. PCOS is also associated to an increased risk of type 2 diabetes, metabolic syndrome (Ranasinha et al. 2015) , cardiovascular disease, and endometrial, ovarian, and/or breast cancer (Fauser et al. 2012) .
Congenital adrenal hyperplasia (CAH) is a family of disorders caused by mutations in genes that encode for enzymes involved in one of the various steps of adrenal steroid synthesis. In some of these disorders, the synthesis of cortisol is impaired, stimulating the adenohypophysis to secrete high levels of adrenocorticotrophic hormone (ACTH), which in turn causes hyperandrogenemia due to adrenal overstimulation (Merke and Bornstein 2005) . This leads to gonadal dysfunction, precocious puberty, delay of menarche, menstrual disorders, anovulation, and infertility (New 2004) . Another adrenal disorder, Addison's disease or premature adrenal insufficiency, is characterized by a deficiency of cortisol, aldosterone, and adrenal androgen hormonal precursors, and in some women is associated with premature ovarian failure (Erichsen et al. 2009 (Erichsen et al. , 2010 .
Premature ovarian senescence affects about 10 percent of all women, being primary occult ovarian insufficiency the most common condition found in this group of patients. The three principal causes are autoimmune, genetic, and iatrogenic diseases (Gleicher et al. 2013 ). These women have low estrogen and androgen production. Early deficiency of estrogen will be identified by a dry mucus pattern. Estrogen and/or androgen replacement in these women will improve mood, and mitigate the risk of cardiovascular disease (Rocca et al. 2012) , osteoporosis (Svejme et al. 2012) , and other complications (Shuster et al. 2010) .
Vitamin D has also been associated with a proper ovarian function, stimulating steroidogenesis, and follicular development. Hypovitaminosis D will increase androgen and decrease estrogen levels by a decrease in the aromatase activity of granulosa cells (Irani and Merhi 2014) . Obese patients will present low vitamin D levels as a consequence of its sequestering by the adipose tissue (Lerchbaum and Obermayer-Pietsch 2012) .
Women presenting with genetic conditions such as Turner's syndrome will also present an ovulatory dysfunction. This condition is usually diagnosed early in life because of poor growth and development; however, in some cases, it will remain undiagnosed until adolescence. Amenorrhea associated with high FSH levels and a hypoestrogenic state will be present.
Karyotyping is mandatory to confirm the diagnosis and to rule out a Y component as in cases of mosaicism (Nader 2000) .
Gynecological disorders that include anatomical abnormalities, neoplasia, and inflammatory diseases may also cause abnormal uterine bleeding (AUB). In women with AUB, leukemia and abnormalities in blood clotting factors must be ruled out. Iatrogenic causes, such as hormonal contraceptives, anabolics, and selective estrogen receptor modulators (SERMs) could cause AUB. After contraceptives discontinuation, cycles are variable in length, likely because the HHG axis is normalizing itself after it has been suppressed during contraceptive use, and the quality of cervical mucus is diminished for at least the first six menstrual cycles (Nassaralla et al. 2011) . Traumatic events in the pelvic area, pregnancy-related disorders, such as spontaneous abortion, and ectopic pregnancies must also always be ruled out in cases of AUB.
OVULATION AS A MARKER OF ENDOCRINE HOMEOSTASIS AND HEALTH STATUS
Women who learn how to read their biomarkers will be able to recognize if ovulation is occurring. Monitoring her ovulation can allow a woman to be prepared for the onset of her next period. Indeed, many women cannot accurately predict the onset of menstruation and do not know how long their cycles are (Jukic et al. 2008) . Women should learn to identify the duration and flow of menstruation, cervical-mucus quality, ovulation day, and duration of follicular and luteal phases (Vigil et al. 2006) . A normal menstrual ovulatory cycle is one that has a length between 24 and 36 days, and a luteal phase length between 11 and 17 days calculated from the estrogen peak, measured by its glucuronides in urine, to the day before the ensuing bleed (Blackwell et al. 2013) . Abnormal cycles are short cycles (less than 24 days), long cycles (more than 36 days), or normal length cycles with a short luteal phase, or its absence (anovulation). If a woman identifies three or more abnormal cycles in a year or two consecutive abnormal cycles, she should consult a specialist, and a hormonal profile should be done.
The first sign of an underlying health problem is often an abnormality in ovulation followed by irregular cycles. It has also been shown that varying cycle lengths, short cycle lengths, and long cycle lengths are associated with decreased fecundity, and that menstrual cycle patterns may predict whether a pregnancy will survive (Kolstad et al. 1999 ). However, menstrual cycles with a normal length are not an indicator of proper ovarian function, because these women can also present anovulatory cycles (Prior et al. 2015) . Therefore, it is regular ovulation and not regular menstruation which evidences a good health state.
Monitoring the ovulatory cycle should begin in puberty and adolescence. Special attention must be given to precocious or delayed puberty, as they are linked to endocrine abnormalities (Stanhope and Brook 1986) . Because the conditions that alter ovulation during adolescence will only worsen if a correct diagnosis is not made, identifying ovulatory abnormalities can allow for early treatment of underlying health problems (Popat et al. 2008) . Importantly, it has been shown that perimenarcheal girls from diverse ethnic and socioeconomic groups are able to learn how to recognize their cervical mucus patterns and to use this information to distinguish ovulatory from anovulatory cycles (Klaus and Martin 1989) . It has been demonstrated that the menstrual cycle pattern during the first years after menarche is a better predictor for ovulatory dysfunction in adulthood than androgen or LH levels (van Hooff et al. 2004) .
CONCLUDING REMARKS
Understanding the ovarian continuum and recognizing abnormalities within it allows women and healthcare providers to identify, diagnose, prevent, and treat different pathologies that may present during a woman's life ( fig. 2 ). After menarche, during reproductive years, ovulation can be considered and used as a sign of health.
Endocrine disorders are predominantly associated with irregular menstrual cycles and are the most common cause of ovulatory dysfunction (Vigil et al. 1993) . Normal menstrual patterns do not guarantee that ovulation is occurring since it has been shown that normal length cycles may be anovulatory. For this reason, the use of biomarkers that help women to identify ovulation is essential. This is knowledge that every woman and every healthcare provider should have.
It is also worth noting that ovulatory dysfunction in women usually has its origin early in her life; and, if not diagnosed and treated, it normally worsens with adulthood. Educating younger girls in schools, from puberty on, about identifying when they are ovulating will be of great value to them throughout their life (Vigil et al. 2008) . Tracking ovulation biomarkers is a reliable method for managing health and fertility as well as identifying abnormal patterns that may point to disorders needing treatment.
Interestingly, Carl Djerassi, a pioneer in the development of contraceptives, wrote that, "Eventually, many a woman in our affluent society may conclude that the determination of when and whether she is ovulating should be a routine item of personal health information to which she is entitled as a matter of course" (Djerassi 1990) . 
